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(57) ABSTRACT 

The invention relates to a control circuit for generating a 
control signal (I) for controlling the transmission ratio 
adjustment of a belt transmission continuously adjustable 
With respect to its transmission ratio. The belt transmission 
includes a drive end (7), an output end (8) and a primary 
valve (15) for adjusting the transmission ratio. The primary 
valve (15) is driven by the control signal (I). The control 
circuit includes means for generating the control signal (I) in 
dependence upon operating parameters of the vehicle trans 
mitted to the control circuit. It is suggested that the control 
signal (I) is generated in dependence upon a value (y) for a 
desired speed of the transmission ratio change or from a 
quantity derived therefrom. The value (y) for the desired 
speed of the transmission ratio change is determined from 
the operating parameters transmitted to the control circuit. 

19 Claims, 10 Drawing Sheets 
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CONTROL CIRCUIT AND METHOD FOR 
GENERATING A CONTROL SIGNAL FOR 
CONTROLLING A CONTINUOUSLY 
VARIABLE BELT TRANSMISSION 

RELATED APPLICATION 

This application is the national stage of PCT/DE 
02/04384, ?led Nov. 29, 2002, designating the United States 
and claiming priority from German patent application no. 
101 64 490.6, ?led Dec. 29, 2001, the entire contents of 
Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

The invention relates to a control circuit for generating a 
control signal for controlling a belt transmission controllable 
continuously With respect to its transmission ratio and a 
method for generating a control signal. 

BACKGROUND OF THE INVENTION 

A belt transmission, Which is continuously variable With 
respect to its transmission ratio, has a drive end, an output 
end and a primary valve for adjusting the transmission ratio 
and is, for example, knoWn from DE 196 49 483 A1. The 
primary valve is driven by a control signal. A control circuit 
generates a control signal in dependence upon operating 
parameters of the vehicle transmitted to the control circuit. 
These operating parameters include, for example, the pri 
mary rpm, the secondary rpm and the position of the 
accelerator pedal. 

SUMMARY OF THE INVENTION 

With the control circuit according to the invention, advan 
tages are achieved Which can signi?cantly increase the speed 
With Which an upshifting of the transmission ratio of the 
continuously variable transmission can take place. Advan 
tageously, the control signal, Which adjusts the transmission 
ratio, is generated in dependence upon the desired speed of 
the transmission ratio change or is generated from a quantity 
derived therefrom. The value for the desired speed of the 
transmission ratio change is determined from the operating 
parameters transmitted to the control circuit. 

Advantageously, the control circuit can determine the 
desired speed of the change of transmission ratio or the 
desired transmission ratio gradient in dependence upon a 
Wanted transmission ratio or a desired transmission ratio. A 
desired primary rpm functions as an interface to the driving 
program. Because of the use of a ?ltered reference rpm to 
compute the Wanted transmission ratio, vibrations of the 
drive train have no in?uence on the control of the transmis 
sion ratio. 
By avoiding a contact force at the primary end Which is 

too small at standstill of the variator, a slip of the belt part 
is avoided for high torques transmitted to the primary end. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will noW be explained With reference to the 
draWings Wherein: 

FIG. 1 shoWs an overvieW diagram of a continuously 
variable transmission; 

FIGS. 2a and 2b shoW a block circuit diagram of the 
control circuit; and, 
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2 
FIGS. 3 to 10 shoW individual parts of the control circuit 

shoWn in FIGS. 2a and 2b. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

In FIG. 1, reference numeral 2 identi?es a continuously 
variable belt transmission for the purpose of transmitting 
force from the motor 1 to the drive shafts 3 of the Wheels of 
a motor vehicle. A continuously variable transmission of this 
kind has, for example, a torque converter 4 and a planetary 
transmission With clutches 5 for forWard travel sWitchover 
and rearWard travel sWitchover. The clutches 5 are arranged 
betWeen the engine 1 and a variator 6. The variator 6 
preferably includes a drive-end conical disc set 7 and an 
output-end conical disc set 8. Each conical disc set com 
prises an axially ?xed and an axially movable disc provided 
as an actuating member. Accordingly, the drive-end conical 
disc set 7 includes, for example, the axially displaceable 
conical disc 25 and the output-end conical disc set 8 includes 
the axially displaceable conical disc 26. The axially dis 
placeable conical discs 25 and 26 are hydraulically adjust 
able and have, for this purpose, the ?uid chambers 11 and 12 
Which, for example, can be ?lled With oil as a ?uid. The 
output-end conical disc set 8 is connected to the drive shafts 
3 of the Wheels via a compensating transmission 10. At the 
output end, sWitchable transmission stages 33 can be addi 
tionally provided betWeen the conical disc set 8 and the drive 
shaft 3 of the Wheels. With the aid of a belt part 9 con?gured 
as a chain or as a thrust member belt, the force is transmitted 
from the drive-end conical disc set 7 to the output-end 
conical disc set 8. The transmission ratio of the variator 6 
changes betWeen a high start-drive transmission ratio at the 
position “loW” and a loW transmission ratio in the position 
“overdrive” because of the simultaneous variation of the 
axially moveable discs (25, 26) on the drive disc set and the 
output disc set. 
The drive-end primary ?uid chamber and the output-end 

secondary ?uid chamber can, for example, be supplied With 
pressuriZed oil via an oil pump 13. Of course, another ?uid 
can be used. For the pressuriZed oil supply, the oil pump 13 
can, for example, run With the rpm of the internal combus 
tion engine 1. The tension of the belt part 9 can be adjusted 
With the aid of a pressure limiting valve 14 Which regulates 
the oil pressure in the secondary ?uid chamber 12. The 
transmission ratio is adjusted With the aid of a primary valve 
15 at the primary end. The primary valve is con?gured as a 
proportional valve. 
The primary valve 15 is con?gured as a proportional 

valve and can discharge oil from the drive-end ?uid chamber 
11 in the positionA and thereby reduce pressure Whereby the 
transmission ratio is shifted in the direction of “loW”. In the 
position C, oil ?oWs into the drive-end ?uid chamber 11 
Whereby the transmission ratio changes in the direction of 
“overdrive” and the pressure in the drive-end ?uid chamber 
11 increases. In the position B of the proportional valve 15, 
the ?uid chamber 11 is sealed, that is, virtually no oil can 
?oW into or out of the ?uid chamber 11. The primary valve 
15 can be driven directly or also via a precontrol valve in a 
manner knoWn per se. In the embodiment described here, a 
force on the valve slide is generated by a current in a magnet 
16 resulting from the generated control signal I. A speci?c 
position of the primary valve 15 adjusts via the spring 17 
present on the valve disc. This means that the current 
pregiven by the control signal I through the magnet 16 
determines the position of the primary valve 15 and there 
fore determines the opening cross section of the valve. This 
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current is pregiven by the control signal I and the primary 
valve 15 is con?gured as a proportional valve. 
As shoWn in FIG. 1, an rpm transducer 18 detects the 

primary rpm NP of the drive-end conical disc set 7 and an 
rpm transducer 19 detects the secondary rpm NS of the 
output-end conical disc set 8. Furthermore, a sensor 27 is 
shoWn Which detects the driving speed VFZ and a sensor 24 
is shoWn Which detects the secondary pressure PS. The 
secondary pressure PS also acts on the secondary output-end 
?uid chamber 12. The signals for the primary rpm NP, the 
secondary rpm NS, the vehicle speed VFZ and the secondary 
pressure PS are all supplied to a transmission control appa 
ratus 20 Wherein a control circuit is arranged. The control 
circuit can also be arranged in a motor control apparatus or 
even in several control apparatuses or control modules 
connected to each other. The data, Which are detected by the 
sensors and transmitted to the control circuit, are referred to 
in the folloWing as operating parameters. The control circuit 
of the transmission control apparatus 20 generates a control 
signal I Which adjusts the primary valve 15. The control 
signal I is generated in dependence upon the operating 
parameters for the driving state of the motor vehicle and are 
supplied to the control circuit. 
As shoWn in FIG. 1, for example, a sensor 21 for 

determining the position 0t of the accelerator pedal actuated 
by the driver and a sensor 29 for transmitting a signal for the 
engine rpm Nmot are also connected to the control circuit. In 
the event that shiftable transmission stages 33 are present, 
means 28 for detecting the transmission ratio iab of this 
transmission stage can be present. The transmission ratio i of 
the variator 6 must not necessarily be derived from the 
primary rpm NP and the secondary rpm NS and can, in lieu 
thereof, also be measured With other sensors. For example, 
for this purpose, a sensor for measuring the axial displace 
ment of the primary moveable conical disc 25 can be 
provided. The signals for the operating parameters, espe 
cially the signals for the vehicle speed, the engine rpm and 
the position of the accelerator pedal can be transmitted to the 
control apparatus 20 also by another control apparatus, for 
example, by a CAN-bus. The vehicle speed can also be 
obtained With the aid of an observer from the Wheel rpm 
signals and, if required, additional signals. It is also possible 
to use, in lieu of the vehicle speed, the output rpm of the 
transmission. Additionally, a temperature sensor 30 can be 
provided Which transmits a signal for the temperature T of 
the pressurized oil to the control apparatus 20. 

Furthermore, a signal for the engine output torque Mmot is 
transmitted to the control apparatus or is computed from the 
operating parameters, Which are transmitted to the control 
circuit, in a manner knoWn per se. A method for detecting the 
engine output torque Mmot is, for example, described in Us. 
Pat. No. 6,623,388. 

FIG. 2a schematically shoWs, in an overvieW, the detailed 
con?guration of a part of the control circuit, Which is 
arranged in the control apparatus 20, for adjusting the 
transmission ratio. In FIG. 2b, a further circuit part is shoWn 
in overvieW Which functions, inter alia, for the adjustment of 
the tension of the belt part of the belt transmission. 

Block 401 in FIG. 2a computes a desired primary rpm 
NW2: from different operating parameters transmitted to the 
control apparatus such as the accelerator pedal position 0t 
and the vehicle speed VFZ. The computed desired primary 
rpm Npades corresponds to a Wanted transmission ratio of the 
variator 6. 

In block 404, a reference rpm signal Nvefis formed from 
the folloWing: the value for the vehicle speed VFZ, the value 
for the secondary rpm NS and (in the event that shiftable 
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4 
transmission stages are present) the value for the transmis 
sion ratio iab Of the output-end transmission stages 33. This 
is explained in greater detail hereinafter With reference to 
FIG. 6. 

In block 402, the Wanted transmission ratio i des of the 
variator 6 is computed from the desired primary rpm Np?es, 
Which is transmitted from block 401, and the value for the 
reference rpm Nwef, Which is transmitted from the block 
404. The desired transmission ratio i des is transmitted to the 
blocks 403 and 405. It is, hoWever, also possible to make 
available the desired transmission ratio ides via a driving 
program. 

In block 405, three status signals A/B, C/D and E/F are 
formed Which correspond to different modes of operation of 
the belt transmission 2. The operation of the block 405 is 
explained in greater detail beloW With respect to FIG. 3. 
The block 407 computes the transmission ratio according 

to the equation: 

iINP/NS 

from the values for the primary rpm NP of the drive end 7 
and the secondary rpm NS of the output end 8. 
The central block 403 computes a current signal Ib Which 

is transmitted to the block 406. The current signal Ib is 
computed by block 403 from the values for the folloWing: 
the actual transmission ratio i, the desired transmission ratio 
ides, the reference rpm Nvef, the secondary pressure PS, the 
primary rpm NP and the values for the torque MPH-m oper 
ating at the primary end and a value for the maximum 
permissible change of the transmission ratio (di/dt)max in 
dependence upon the state signal E/F. The current signal I 1, 
corresponds to a preliminary actuating signal for the primary 
valve 15. For the computation, the usual algorithms for the 
position control of hydraulic cylinders are used. The func 
tion of the block 403 is explained in detail in FIG. 7 and is 
described further hereinafter. The values for the primary end 
operating torque MPH-m and the maximum permissible 
change of the transmission ratio or for the maximum per 
missible transmission ratio gradient (di/dt)max are supplied 
to block 403 by the circuit part shoWn in FIG. 2b. Further 
more, the block computes a value for a minimum secondary 
pressure PS’USMIM Which is required in order to be able to 
adjust a Wanted volume ?oW Qp?es into the primary oil 
chamber 11 of the primary valve, especially, for the case of 
a rapid upshifting. 

In block 406, the current signal Ib is limited in dependence 
upon the signals A/B, C/D and E/F generated by the block 
405 as Will be explained in greater detail With respect to FIG. 
4. 

FIG. 2b shoWs a circuit part Which computes a desired 
secondary pressure P des’sec for the secondary oil chamber 12 
in block 501 from the parameters, Which are transmitted to 
the control apparatus, namely: for the primary rpm NP, the 
secondary rpm NS, the torque Mmot, the rpm Nmot at the 
engine output end and the value for the minimum secondary 
pressure PS’USMIM Which is transmitted from the block 403 
in FIG. 2a, and the state signal E/F transmitted from block 
405 in FIG. 2a. The operation of the block 501 is explained 
further beloW With respect to FIG. 8. 

Block 505 computes the actual transmission ratio i from 
the primary rpm NP and the secondary rpm NS. This value 
can, hoWever, also be supplied by the block 407 in FIG. 2a 
or by a further sensor. 

The block 503 computes the values PPM,” and pp; from the 
values MPH-m, NP and i. The block 503 is explained With 
respect to FIG. 9. 
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The block 504 computes the maximum permissible trans 
mission ratio gradient (di/dt)max from the signals NP, NS, i, 
ps and the values PPM,” and pp; supplied by the block 503. 
This is explained further With respect to FIG. 10 hereinafter. 

FIG. 3 shoWs an embodiment of the block 405 for 
determining the operating mode of the belt transmission. 
The block 405 forms a ?rst state signal A/B Which can 
assume either the value A or the value B and a second state 
signal C/D, Which can assume either the value C or D, and 
a third state signal, Which can assume either the value E or 
the value F. The ?rst state signal is set to the value A When 
the instantaneous primary rpm NP is less than a threshold 
value SW1. This takes place via the threshold value storage 
307 by means of the comparator 311. Depending upon the 
comparison 311, the sWitch 322 is sWitched over in such a 
manner that the signal value A (315) is present at the output 
end of block 405. 

In block 306, the difference betWeen the instantaneous 
transmission ratio i and the Wanted transmission ratio ides is 
formed and is compared in block 312 to the threshold value 
SW2 (308). 

If the difference, Which is formed in block 312, drops 
beloW the threshold value SW2, then the sWitch 321 is 
sWitched over to the value B (316). If, at the same time, the 
instantaneous primary rpm NP exceeds the threshold value 
SW1 (see 311), then the sWitch 322 is connected to the 
sWitch 321 as shoWn in FIG. 3. When the primary rpm NP 
is therefore greater than the threshold value SW1 and, 
simultaneously, the difference betWeen the instantaneous 
transmission ratio i and the desired transmission ratio i des is 
less than a threshold value SW2, then the ?rst state signal is 
set to the value B. If this is not the case, then the state signal 
retains its previous state. 

The second state signal C/ D is set to the value C When the 
instantaneous transmission ratio i is greater than a threshold 
value SW3 (309). The threshold value comparator 313 and 
the circuit 323 or the stores 317 and 318 are provided for this 
purpose. If the instantaneous transmission ratio i drops 
beloW the threshold value SW3, the second state signal is set 
to the value D. 

The third state signal E/F is set to the value E When the 
primary rpm NP is less than a threshold value SW4 (310). 
The threshold value comparator 314 and the sWitch 324 or 
the stores 319 and 320 function for this purpose. This means 
that the third state sWitch assumes the value E When the 
variator is almost at standstill. If the primary rpm NP exceeds 
the threshold value SW4, the third state signal is set to the 
value F. 

In the control circuit 20 shoWn in FIG. 2a, the drive signal 
Ib is further processed in the block 406 to the actual drive 
signal I for the primary valve 15, that is, for the magnet 16 
of the primary valve. For this further processing, the state 
signals from the block 405, Which Was already described 
With respect to FIG. 3, are supplied to the block 406. These 
state signals can assume the signal value A or B, the signal 
value C or D and the signal value E or F. The block 406 
supplies the ?nal control signal I for the magnet 16 of the 
proportional valve 15, that is, the control signal I determines 
the position and therefore the opening cross section of the 
valve 15. The block 406 is shoWn in FIG. 4. 
When the ?rst state signal has the value A, the second 

state signal the value D and the third state signal the value 
F, then the current signal I is set to a value I1 (4045) Whereat 
the proportional valve is closed. In this case, the instanta 
neous adjusted transmission ratio remains constant. The 
setting of the current signal to the value I1 takes place via a 
corresponding drive of the sWitches 4047, 4046 and 4048. 
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6 
This means that, for a variator not at standstill, no change of 
the transmission ratio takes place When the instantaneous 
primary rpm drops beloW the threshold value SW1 and the 
instantaneous transmission ratio i drops beloW the threshold 
SW3. 
When the ?rst state signal has the value A, the second 

state signal has the value C and the third state signal the 
value F, then the signal Ib coming from block 403 is limited 
to an adjustable minimum value Imin (4042) or an adjustable 
maximum value Imax (4041). This limiting takes place via 
the maximum or minimum selection 4043 and 4044. This 
means that, in this case, the transmission ratio can be 
changed With limited speed. 

If, for a variator, Which is not a standstill (state signal E/F 
assumes the value F), the ?rst state signal A/B has the value 
B, then the current signal I b, Which comes from the block 
403, is not limited Which is achieved by sWitching over the 
sWitch 4047. That is, in this case, the transmission ratio can 
be adjusted rapidly. 

For a variator at standstill, the third state signal assumes 
the value E, that is, the current signal Ib, Which comes from 
block 403, is not limited. 

The control apparatus 20 includes a unit for adjusting the 
current via the valve 16 in correspondence to the Wanted 
current I. 

FIG. 6 shoWs a con?guration of block 404 for forming the 
reference rpm NS ref. In block 601, the vehicle speed VFZ is 
converted into a ?rst reference rpm N,. For this purpose, the 
determined transmission ratio iab of the output of the trans 
mission stage 33 is multiplied by the vehicle speed and a 
constant. The ?rst reference rpm N,, which is so determined, 
is transmitted to the block 602 Which includes means for 
?ltering the reference rpm, for example, a loWpass ?lter and 
upper and loWer limits of the increase of the reference rpm. 
The ?ltering can furthermore be dependent upon still further 
signals 603 Which represent a quantity Which is dependent 
upon Whether the vehicle is in an acceleration state or a 
deceleration state. Such a signal can, for example, be formed 
from the accelerator pedal position and the vehicle speed. 
The ?lter block can furthermore also consider the measured 
secondary rpm NS in such a manner that, under steady state 
conditions, the computed reference rpm Nsaref approaches 
the secondary rpm NS. 

FIG. 5 shoWs a con?guration of block 402. The Wanted 
transmission ratio ides is formed by division of the desired 
primary rpm NP’deS by the reference rpm NSJef: 

The desired transmission ratio i des is limited by the 
threshold comparisons 503 and 504 to the loWer limit value 
502 and to the upper limit value 501. With the use of the 
?ltered reference rpm for determining the desired transmis 
sion ratio i des, the in?uence of drive train vibrations on the 
transmission ratio control can advantageously be reduced. 

In FIG. 7, the central block 403 of FIG. 2a is shoWn in 
greater detail. Block 701 functions ?rst to limit the desired 
transmission ratio ides and to avoid an unWanted overspeed 
of the primary rpm. For this purpose, the value for the 
maximum permissible transmission ratio gradient (di/dt) 
max can be applied Which is transmitted to the block 701 
from the block 504 of FIG. 2b. Block 701 ?rst computes the 
transmission ratio gradient (didejjdt) from the transmitted 
values for the Wanted transmission ratio or the desired 
transmission ratio ides via differentiation. When the trans 
mission ratio gradient (didejjdt) is greater than the maximum 
permissible transmission ratio (di/dt)max, then block 701 
computes a neW value i*des for the Wanted ratio from the 
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instantaneous transmission ratio i and the maximum permis 
sible transmission ratio gradient (di/dt)max in accordance 
With the relationship: 

Wherein: T is the scanning time of the computation algo 
rithm, that is, the time interval during Which the computation 
is carried out. 

Furthermore, block 701 checks Whether the measured 
primary rpm NP exceeds a threshold value Npmax. If this is 
the case, then the value i*des for the Wanted transmission 
ratio is steadily reduced. 

Furthermore, block 701 checks Whether the product of the 
value i*des for the Wanted transmission ratio and the sec 
ondary rpm NS is greater than a threshold value Npmax. If 
this is the case, then the value i*des is likeWise computed 
aneW from the quotient of the threshold value NP’max and the 
reference rpm Nwef. 

The signal i*des is formed by the block 701 and is 
transmitted to the block 702 With the instantaneous value for 
the transmission ratio i. Block 702 contains a PID-controller 
having a doWnstream lineariZation block and forms a signal 
y from the signal i*des and the signal i With the aid of the 
PID-controller. The signal y represents the Wanted speed or 
rapidity of the change of the transmission ratio or the Wanted 
transmission ratio gradient. The signal y or a quantity 
derived therefrom is advantageously applied to the compu 
tation of the current I b. In an especially advantageous 
embodiment, a signal for the Wanted volume ?oW Qp?es into 
the primary ?uid chamber 11 is computed from the signal y 
for the Wanted speed of change of the ratio via multiplication 
by a characteristic value K(i), Which is dependent upon the 
measured transmission ratio i and Which is read out from a 
characteristic ?eld. The volume ?oW Qp?es is given by: 

The block 703 contains an algorithm for adjusting the 
Wanted volume ?oW at standstill of the variator. The block 
703 is active When the status signal E/F of the block 405 
assumes the state E. Block 703 is then connected to block 
706 via the sWitch 7010. 

The block 705 computes the transmission ratio gradient 
(di/dt) from the transmitted value for the instantaneous 
transmission ratio i. An estimated primary pressure pp is 
determined from the following: the transmission ratio gra 
dient (di/dt), the measured secondary pressure ps and the 
value for the primary-end acting torque MPn-m and, if 
required, further signals. The estimated primary pressure pp 
operates on the conical disc set 25 at the drive end and the 
value for the torque MPH-m is transmitted from block 501 in 
FIG. 2b. In the event that a primary pressure sensor is 
present, the primary pressure signal pp can also be measured. 
When the status signal E/F of the block 405 assumes the 

value F, the sWitch 7010 connects the block 702 to the block 
706. The block 706 then computes the control signal Ib in 
accordance With a hydraulic model of the primary valve 15 
from the folloWing: the signal Qp?es for the Wanted volume 
?oW of the ?uid into the primary ?uid chamber 11; the signal 
for the secondary pressure p5; and, a value for the primary 
pressure PP transmitted by the block 705. 

Block 704 computes a minimum secondary pressure 
psi/MN from the signal Qp?es for the Wanted volume ?oW and 
the signal i for the instantaneous transmission ratio. The 
minimum secondary pressure p5’USMIN is the secondary 
pressure acting at the output end and Which must at least be 
made available in order to be able to realiZe the desired 
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8 
volume ?oW Qp?es With the primary valve 15 When there is 
a rapid upshifting. The secondary pressure pSaUSMIN there 
fore de?nes a loWer limit value beloW Which the secondary 
pressure should not drop. If the secondary pressure Would 
become less than the minimum secondary pressure pS,USMHV, 
then the pressure difference at the primary valve 15 could 
become so small that the maximum opening cross section at 
the primary valve Would no longer be su?icient in order to 
be able to still realiZe the desired volume ?oW. For a variator 
Which is not at standstill, it is therefore advantageous to 
increase the secondary pressure at least to the value p5’USMIN 
in order to be able to still adjust the required volume ?oW 
With the primary valve 15 at the primary end 7. In an 
advantageous embodiment of the invention, the block 704 
uses the folloWing computation for forming the minimum 
secondary pressure P: USMIN: 

Wherein: KS,USMIN(i) is a parameter dependent upon the 
signal i for the transmission ratio. 

FIG. 8 shoWs a block 501 Which undertakes a limiting of 
the desired secondary pressure p des’sec to the value PS’USMHV 
The block 501 shoWn in FIG. 1 is a modi?cation of the belt 
tensioning controller of the belt part described in German 
patent application DE 195 48 722 Al. Accordingly, at this 
point, only the parts are explained Which are changed in 
comparison to the tension controller shoWn there. As shoWn 
in FIG. 8, the signal pS,USMIN is applied in order to limit the 
value Pdes’sec to the loWer value pS,USMIN. The signal 
PsaUsMlNis transmitted from the block 403 shoWn in FIG. 2a 
and the value pdes’sec is outputted by the block 501. The 
above takes place by the comparator 15020. 
The belt tension controller shoWn in FIG. 8 functions also 

to avoid slippage of the belt part With a variator at standstill, 
that is, for a vehicle at standstill and the occurrence of high 
torques to be transmitted. For the case of the variator at 
standstill, the state signal E/F is therefore used in order to set 
the sWitch 15018 to the value E so that the block 15019 
transmits a value PSJWJOW. The value Pym-"J0W results from 
the signal PM”, Which gives the minimum secondary pres 
sure computed in the block 15008, via multiplication by a 
safety factor SfZOW in block 15016. In the position F, hoW 
ever, the value 0 is transmitted from the memory 15017 to 
the block 15019. Block 15019 supplies the greater ofthe tWo 
values Pym-"J0W and PM as an output signal. If the state 
signal indicates the value E, then the desired secondary 
pressure Pdes’sec is therefore limited to the value Pym-"J0W 
from Which it can be assumed that this value is greater than 
the value pS,USMIN. Stated otherWise, for a variator at stand 
still, a higher safety factor is realiZed for large torques than 
for a variator Which is rotating. 

The signal value for the secondary pressure p des’sec out 
putted by block 15013 is applied in order to correspondingly 
control the oil pressure at the secondary end With the 
pressure limiting valve 14. 

FIG. 9 shoWs a computation sequence, Which is carried 
out in block 503 of FIG. 2b, for computing the minimum 
primary pressure PP’ml-n Which must at least be adjusted in 
order to avoid the slippage at the primary disc. The block 
7020 computes a pressure signal from the primary torque 
signal MPH-m and the transmission ratio i With a characteristic 
?eld. From this, a value pp; is subtracted Which is computed 
from the value for the primary rpm NP With the block 7030. 
The primary pressure pp; corresponds to the centrifugal 
contact forces in the primary ?uid chamber 11. The block 
7040 computes a reserve pressure Which is added to the 
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output signal of the block 7020. The reserve pressure is 
dependent upon the transmission ratio i. The result is a signal 
for the minimum primary pressure PP, min. 

FIG. 10 shoWs a computation sequence Which is carried 
out in block 504 in FIG. 2b. The block 8050 in FIG. 10 
computes a secondary pressure from the secondary rpm NS. 
This secondary pressure corresponds to the centrifugal con 
tact forces in the secondary ?uid chamber 12. This value is 
added to the measured value for the secondary pressure pS. 
The sum is multiplied by a factor k in block 8070 and is 
divided in block 8080 by a value KPM’SE Which is computed 
in block 8060 from the values for MPH-m, PS and i. The value 
KPM’SE indicates the ratio of primary to secondary contact 
force in the steady state operation. The result from block 
8080 is reduced by the value for the primary pressure pp; for 
the centrifugal contact force and the minimum primary 
pressure pPJm-n With both values being supplied by the block 
503 in FIG. 2b. The result is the primary pressure difference 
ApDS Which is maximally available for a doWnshift. The 
value for the primary pressure difference ApDS is multiplied 
in block 8090 by the primary rpm NP and, in block 8110, by 
a value dependent upon the transmission ratio i Which Was 
determined in block 8100. The result Which is supplied by 
block 8110, is the maximum transmission ratio gradient 
(di/dt)max Which is transmitted to the block 701 in FIG. 7. 

The invention claimed is: 
1. A control circuit for generating a control signal (I) for 

controlling the transmission ratio of a belt transmission of a 
vehicle, the belt transmission being adjustable continuously 
With respect to its transmission ratio, the belt transmission 
including a drive end, an output end and a primary valve 
driven by the control signal (I) for adjusting the transmission 
ratio, the control circuit comprising: 

means for receiving operating parameters of said vehicle; 
means for generating said control signal (I) in dependence 
upon a value (y) for a Wanted speed of the transmission 
ratio change or a quantity derived therefrom; 

means for calculating said value (y) from said operating 
parameters transmitted to the control circuit; and, 

Wherein a value (Qp?es) is calculated as a derived quantity 
from the value (y) for the Wanted speed of the trans 
mission ratio change and, if required, additional oper 
ating parameters; the value (Qp?es) representing a 
Wanted volume ?oW of a ?uid into a primary ?uid 
chamber of the drive end; and, the control signal (I) 
being generated in dependence upon the value (Qp?es) 
for the volume ?oW. 

2. The control circuit of claim 1, Wherein the value (y) for 
the Wanted speed of the transmission ratio change is deter 
mined in dependence upon a desired transmission ratio 
(i*des) computed by the control circuit from the operating 
parameters. 

3. The control circuit of claim 2, Wherein the value (i*des) 
for the desired transmission ratio is computed in dependence 
upon a value (dl/dt)max for the maximum permissible 
transmission ratio gradient, the value (i*des) being applied 
for the formation of the value (y) of the desired speed of the 
transmission ratio and the value (dl/dt)max being computed 
from the operating parameters. 

4. The control circuit of claim 2, Wherein the value (i*des) 
for the desired transmission ratio is computed in dependence 
upon a value for a desired primary rpm (N P, des), said value 
being computed in dependence upon the operating param 
eters and the value (i*des) being applied for the formation of 
the value (y) of the Wanted speed of the transmission ratio 
change. 
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5. The control circuit of claim 4, Wherein the desired 

primary rpm (N P, des) is determined in dependence upon the 
folloWing: an operating parameter representing the vehicle 
speed (VFZ) and an operating parameter representing the 
position (a) of the accelerator pedal. 

6. The control circuit of claim 2, Wherein the value (i*des) 
for the desired transmission ratio is formed in dependence 
upon a reference rpm (Nye), the value (i*des) being applied 
for the formation of the value (y) of the Wanted speed of the 
transmission ratio change. 

7. The control circuit of claim 6, Wherein the reference 
rpm (Nvef) is computed in dependence upon an operating 
parameter Which represents the vehicle speed (V F2) and an 
operating parameter Which represents the secondary rpm 
(NS) 

8. The control circuit of claim 1, Wherein the value (y) for 
the Wanted speed of the transmission ratio change is deter 
mined in dependence upon a state signal (E/F), Which is 
determined in dependence upon the operating parameters 
and Which signal describes the movement state (standstill or 
not at standstill) of a variator of the belt transmission. 

9. The control circuit of claim 1, Wherein the value for the 
Wanted volume ?oW (Qp?es) into the primary ?uid chamber 
is computed from the value (y) for the Wanted speed of the 
change of the transmission ratio via multiplication by a 
characteristic value K(i) read out from the characteristic 
?eld and dependent upon the measured transmission ratio 
(1) 

10. The control circuit of claim 1, Wherein a value (p5, 
USMIN) for a minimum secondary pressure is detected in 
dependence upon the value (y) for the Wanted speed of the 
transmission ratio change or the quantity derived therefrom 
and a value (i) for the instantaneous transmission ratio, the 
value (PS,USMIN) representing the secondary pressure acting 
upon the output end Which must at least be made available 
in order to be able to realiZe a Wanted primary end volume 
?OW (Qp,des)' 

11. The control circuit of claim 10, Wherein the value 
(PS,USMIN) for the minimum secondary pressure is computed 
in dependence upon the square of the desired primary end 
volume ?oW (Qp?es) and a value KS,USMIN(i) Which is 
dependent upon the instantaneous transmission ratio (i). 

12. A method for generating a control signal (I) for 
controlling the transmission ratio adjustment of a belt trans 
mission adjustable continuously With respect to its transmis 
sion ratio, the belt transmission being of a vehicle and 
having a drive end, an output end and a primary valve for 
adjusting the transmission ratio, the primary valve being 
driven by the control signal (I) from a control circuit; the 
method comprising the steps of: 

generating a control signal (I) in dependence upon a value 
(y) f or a Wanted speed of the transmission ratio change 
or a quantity derived therefrom; 

detecting operating parameters of said vehicle and trans 
mitting said operating parameters to said control cir 
cuit; 

calculating said value (y) for the Wanted speed of the 
transmission ratio change from said operating param 
eters; and, 

calculating a value (Qp?es) from the value (y) for the 
Wanted speed of the transmission ratio change and, if 
required, further operating parameters; said value (QP, 
des) representing a desired volume ?oW of a ?uid into 
a primary ?uid chamber of the drive end; and, the 
control signal (I) being generated in dependence upon 
the value (Qp?es) for the volume ?oW. 
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13. The method of claim 12, wherein the value (y) for the 
Wanted speed of the transmission ratio change is determined 
in dependence upon a desired transmission ratio (i*des) 
computed by the control circuit from the operating param 
eters. 

14. The method of claim 13, Wherein the value (i*des) for 
the desired transmission ratio is computed in dependence 
upon a value (dl/dt)max for the maximum permissible 
transmission ratio gradient, the value (dl/dt)max being com 
puted from the operating parameters and the value (i*des) 
being applied for the formation of the value (y) of the 
Wanted speed of the transmission ratio change. 

15. The method of claim 13, Wherein the value (i*des) for 
the desired transmission ratio is computed in dependence 
upon a value for a desired primary rpm (N a den) Which 
represents a desired transmission ratio of the variator, said 
value for the desired primary rpm (N P, des) being computed 
from the operating parameters; and, said value (i*des) being 
applied for the formation of the value (y) of the Wanted 
speed of the transmission ratio change. 

16. The method of claim 12, Wherein the value (y) for the 
Wanted speed of the transmission ratio change is determined 
in dependence upon a state signal (E/F) Which is determined 
from the operating parameters; said state signal de?nes the 
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movement state (standstill or not at standstill) of a variator 
of the belt transmission. 

17. The method of claim 12, Wherein the value for the 
Wanted volume ?oW (Qp?es) into the primary ?uid chamber 
is computed from the value (y) for the Wanted speed of 
change of the transmission ratio via multiplication by a 
characteristic value K(i) Which is read out of a characteristic 
?eld and is dependent upon the measured transmission ratio 
(i). 

18. The method of claim 12, Wherein a value (PS,USMHV) 
for a minimum secondary pressure is detected in dependence 
upon the value (y) for the Wanted speed of the transmission 
ratio change or from the quantity derived therefrom and a 
value (i) for the instantaneous transmission ratio; and, said 
minimum secondary pressure representing the secondary 
pressure acting on the output end Which must be made 
available in order to realiZe a desired primary end volume 
?OW (Qp,des)' 

19. The method of claim 18, Wherein the value (PS,USMHV) 
for the minimum secondary pressure is computed in depen 
dence upon the square of the desired primary end volume 
?oW (Qp?es) and a value KS,USMIN(i) dependent upon the 
instantaneous transmission ratio (i). 

* * * * * 
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